Pneumocystis jirovecii pneumonia is widely known as a life-threatening opportunistic infection in patients with acquired
Introduction
Despite advances in modern intensive care medicine, with standardized strategies against acute respiratory distress syndrome (ARDS), Pneumocystis jirovecii pneumonia accounts for substantial morbidity and mortality among non-human immunodeficiency virus (HIV)-infected patients. The incidence of Pneumocystis jirovecii pneumonia has been increasing in patients without HIV infection, with reported higher mortality rates between 30-60% as compared to HIV-infected patients [1] [2] [3] . Although the reasons for these differences in mortality rates are not fully understood, it has been hypothesized that the higher neutrophil counts in bronchoalveolar lavage (BAL) fluid observed in HIV-negative patients with Pneumocystis jirovecii pneumonia may be an important factor [4] . HIV-negative patients have 10-fold higher incidence of endotracheal intubation and mechanical ventilation, suggesting that non-HIV infected patients have a more intense inflammatory response. Risk factors for increased mortality among non-HIV-infected patients with Pneumocystis jirovecii pneumonia requiring mechanical ventilation includes: the need for positive end-expiratory pressure (PEEP) during the first 3 days of therapy, the development of pneumothorax during mechanical ventilation, elevated alveolar-arterial oxygen gradient, concurrent infection with cytomegalovirus (CMV) and Aspergillus spp, lymphopenia, and pre-existing lung disease [3, [5] [6] [7] . Pneumocystis jirovecii pneumonia is a rare cause of pneumomediastinum that has been previously described in both HIV-positive [8, 9] and HIVnegative patients [10] . However, pneumopericardium complicating Pneumocystis jirovecii pneumonia has not been reported among HIV-negative patients. Park et al reported a case of spontaneous pneumomediastinum, pneumopericardium, and pneumothorax in a patient with acquired immunodeficiency syndrome (AIDS) and Pneumocystis jirovecii pneumonia [11] . Hence, we report the first case of a combined pneumomediastinum and pneumopericardium in an HIV-negative patient with Pneumocystis jirovecii pneumonia.
Case Report
A 68-year-old male was transferred from another institution because of progressively worsening tachypnea for 1 month, with increased fraction of inspired oxygen (FIO 2 ) requirements that led to endotracheal intubation and initiation of mechanical Patient was admitted to the intensive care unit (ICU), and empiric intravenous antimicrobial therapy composed by vancomycin (15 mg/kg Q12h), cefepime (2 g Q8h), and azithromycin (500 mg daily), along with vasopressors (norepinephrine continuous infusion) was initiated for presumptive septic shock caused by a severe community-acquired pneumonia (CAP). Blood and respiratory cultures as well as Legionella and Streptococcus pneumoniae urinary antigens and serum cryptococcal antigen were negative; and all antimicrobials were discontinued after completion of 7 days of empiric therapy. Procalcitonin level was 0.25 ng/mL (0.00 -0.10). The (1-3)-β-D-glucan assay (Fungitell®, Quest Diagnostics) showed the result was 32 pg/mL (< 60). ICU clinical course was complicated by persistently increased FIO 2 /PEEP requirements (100% and 18 cm H 2 O, respectively), ARDS with markedly decreased PaO 2 /FIO 2 ratio despite low tidal volume strategy as recommended by ARDS network, worsening bilateral infiltrates on CXR (Fig. 2) , increased vasopressors requirements, and acute kidney injury. Optimal sedation and analgesia were achieved with a combination of fentanyl and propofol continuous infusion, and an infusion of neuromuscular blocking agent (cisatracurium) was initiated to avoid ventilatory dyssynchrony. Epoprostenol was added as a salvage therapy for refractory hypoxemia. Extracorporeal membrane oxygenation (ECMO) therapy was deemed inappropriate given patient's body habitus. In spite of the needs for escalating PEEP levels, our patient's plateau pressures remained < 35 cm H 2 O. On day 6 of ICU admission, a BAL result performed on admission showed a positive deoxyribonucleic acid (DNA) by polymerase chain reaction (PCR) for Pneumocystis jirovecii. CMV antigenemia by PCR was negative. All serum immunoglobulin levels were within normal limits. Complement component 3 (C3), C4 and CH50 levels were diminished. Repeated HIV test was non-reactive. T-lymphocytes cell count (CD4) was 97 cells/µL (490 -1,740), with an absolute lymphocytes cell count of 377 × 10 3 / µL (850 -3,900). Intravenous antimicrobial therapy with trimethoprim-sulfamethoxazole (Bactrim®; 15 mg/kg adjusted to creatinine clearance) along with steroids (methylprednisone 40 mg Q12h) was initiated. Repeated chest CT disclosed diffuse ground-glass opacities, severe pneumomediastinum with pneumopericardium, and bilateral pneumothorax (Fig. 3) . Patient's clinical condition continued to worsen despite seemingly appropriate antimicrobial therapy, and on day 14 of ICU 
Discussion
Pneumomediastinum and pneumopericardium are uncommon complications in patients with Pneumocystis jirovecii pneumonia requiring mechanical ventilation. Pneumopericardium is usually a consequence of invasive procedures such as mechanical ventilation and placement of central venous catheters [12] , while pneumomediastinum frequently developed from increased intrathoracic pressures as a result of asthma or barotraumas, esophageal rupture, cavitating pneumonia, or invasive procedures [13] . The pathophysiology of both pneumomediastinum and pneumopericardium is related to the pressure gradient between the alveoli and lung parenchyma, since increased pressures would lead to alveolar rupture resulting in air leak into interstitial space and mediastinum. The air leak presumably originated from the pneumatoceles formed as a result of proteases released by activated macrophages and/or overdistention resulting from localized inflammation caused by Pneumocystis jirovecii. The free air located in the mediastinum may progress to leak into the pericardial wall and pericardium [8, 14, 15] . Pneumomediastinum and pneumopericardium are both self-limited clinical entities, but physiologic features of cardiac tamponade may require pericardiocentesis with or without chest tube thoracostomy. Although there have been reported cases of pneumomediastinum and pneumopericardium in patients with HIV infection [11, [16] [17] [18] [19] [20] , there are no documented cases of pneumopericardium among non-HIV infected patients. Based on a MEDLINE search and using the words "pneumomediastinum", "HIV-negative", "non-HIV", "pneumopericardium", and "Pneumocystis jirovecii", the authors identified a total of 51 cases of pneumomediastinum associated with Pneumocystis jirovecii pneumonia demonstrated by chest CT [10, [21] [22] [23] [24] [25] [26] , but no cases of pneumopericardium were distinguished during that search. The incidence of pneumomediastinum among HIV-negative patients with Pneumocystis jirovecii pneumonia has been reported to range between 11% and 24% [21, 24] . Chest CT findings in Pneumocystis jirovecii pneumonia are similar in both HIVpositive and non-HIV infected patients, ranging from diffuse ground-glass opacities, centrilobular nodules, air bronchograms, consolidations, cysts and pneumatoceles, pleural effusions, hilar and mediastinal lymphadenopathies, bronchiectasis, pneumothorax, and pneumomediastinum [21, 23, 24] . To the best of our knowledge, this is the first report of a combined pneumomediastinum and pneumopericardium in a non-HIV infected patient with Pneumocystis jirovecii pneumonia.
It is difficult to establish how our patient acquired Pneumocystis jirovecii pneumonia, given the fact that the only known immunosuppression was diabetes mellitus. We hypothesized that the chronic lung disease mention as a part of patient's medical history may had been a form of an undiagnosed interstitial lung disease. Furthermore, we suggest that our patient might have been previously colonized with Pneumocystis jirovecii, since the prevalence of carriage and colonization among patients with interstitial lung diseases have been reported to range between 22% and 63% [27, 28] . We also conjecture that, given the history of chronic smoking, our patient probably had chronic obstructive pulmonary disease (COPD). Colonization rates have been reported to be around 30% among HIV-negative patients with COPD [29] . It has been suggested that smoking may be a risk factor for Pneumocystis jirovecii colonization, as a result of impaired mucociliary clearance and decreased surfactant [27] . In patients with COPD, colonization with Pneumocystis jirovecii is associated with an increased systemic inflammatory response that includes higher peripheral lymphocyte counts and elevated levels of interleukin (IL)-6, IL-8, and tumor necrosis factor (TNF)-α. We also postulated that our patient may have had an underlying, non-diagnosed lymphoproliferative or autoimmune disorder, which may have allowed a possible reactivation of Pneumocystis jirovecii. This hypothesis would be sustained by the fact that serum C3, C4, and CH50 levels were diminished.
The etiology of pneumomediastinum and pneumopericardium in our patient could be explained by two mechanisms: 1) increased intra-alveolar pressure as a result of mechanical ventilation with increased PEEP levels (was as high as 18 cm H 2 O), which may lead to rupture of alveoli and air leaking into the mediastinal and pericardial cavities; 2) severe inflammation in the lung parenchyma caused by Pneumocystis jirovecii, which resulted in rupture of necrotic lung tissue caused by proteases released from activated macrophages and/or alveolar overdistention secondary to bronchioalveolar inflammation. It is obvious that our patient had predisposing risk factors for barotrauma: probable COPD, possible interstitial lung disease, Pneumocystis jirovecii, and ARDS. Interestingly, in a large study, Weng et al reported no statistically significant association between elevated levels of PEEP and plateau pressures and the development of pneumomediastinum among non-HIV infected patients receiving mechanical ventilation as a part of the therapy for Pneumocystis jirovecii pneumonia [21] . The needs for escalating levels of PEEP in our patient likely represented an ongoing disease process despite appropriate therapy. Technically, the flexible bronchoscopy performed on day 1 of ICU admission could have possibly caused the observed pneumomediastinum and pneumopericardium in this case, although there are several points arguing against this possible hypothesis. First, the bronchoscopy was performed for diagnostic purposes (BAL) and no tissue biopsy was obtained, so the possibility of iatrogenic pneumomediastinum and pneumopericardium is extremely low. Second, subsequent daily CXRs did not showed any evidence of pneumomediastinum or pneumopericardium, as they were both discovered on a follow-up chest CT on day 7 of ICU admission. Third, a TTE performed on day 3 of ICU admission did not demonstrate any pericardial abnormalities.
Curiously, serum (1-3)-β-D-glucan level was within normal limits. (1-3)-β-D-glucan is a polysaccharide that constitutes the major cell wall component of Pneumocystis jirovecii, with reported sensitivity rates ranging from 90% to 100% for the detection of Pneumocystis pneumonia. Studies have suggested that β-glucan levels in serum may correlate to the load of Pneumocystis in respiratory samples, and those levels may be lower in patients colonized with Pneumocystis jirovecii [30, 31] . Therefore, (1-3)-β-D-glucan assay sensitivity may be insufficient to rule out Pneumocystis jirovecii pneumonia [32] . It might well be in our case that the Pneumocystis jirovecii infection was in early stage at the time the assay was performed, and that the fungal load was too small to be detected.
The patient described in this report also developed bilateral pneumothorax, a rare condition reported in 2-19% of HIV-negative patients with Pneumocystis jirovecii pneumonia requiring mechanical ventilation [33, 34] . The occurrence of pneumothorax in this case is likely related to rupture of subpleural cavities resulting from necrotic lung tissue or emphysematous blebs, as well as gas exchange abnormalities resulted from hypoxemia and the neutrophilic inflammation of the lung parenchyma caused by Pneumocystis jirovecii. Patients without HIV infection seems to have higher incidence of pneumothorax and increased mortality as compared to HIV-infected patients, with fatality rates ranging from 38% to 100% in patients with Pneumocystis jirovecii pneumonia requiring mechanical ventilation [3-5, 35, 36] .
In conclusion, this case is unique because it highlights peculiar findings of an uncommon disease: Pneumocystis jirovecii pneumonia in an HIV-negative patient without known immunosuppression, with a normal (1-3)-β-D-glucan assay result, and combined pneumomediastinum, bilateral pneumothorax, and pneumopericardium. Although pneumomediastinum and pneumopericardium have been infrequently reported in the literature, clinicians should be aware of these potentially catastrophic complications when treating Pneumocystis jirovecii pneumonia in non-HIV infected patients requiring mechanical ventilation.
